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Energy t r a n s f e r  processes o c c u r r i n g  between atomic,  i o n i c ,  o r  m o l e c u l a r  
systems a r e  v e r y  widespread i n  nature.  The a p p l i c a t i o n s  o f  such processes 
range f rom r a d i a t i o n  phys i cs  and chemis t ry  t o  b io logy .  I n  t h e  f i e l d  o f  
l a s e r  phys i cs ,  energy t r a n s f e r  processes have been used t o  ex tend t h e  
l a s i n g  range, i n c r e a s e  the ou tpu t  e f f i c i e n c y ,  and i n f l u e n c e  t h e  s p e c t r a l  
and temporal  c h a r a c t e r i s t i c s  o f  t h e  ou tpu t  pu l ses  o f  energy t r a n s f e r  dye 
l a s e r s  o r  s o l i d - s t a t e  l a s e r  m a t e r i a l s .  Thus i n  t h e  development o f  
s o l i d - s t a t e  l a s e r s ,  i t  i s  impor tan t  t o  i n v e s t i g a t e  the  b a s i c  energy 
t r a n s f e r  (ET) mechanisms and processes i n  o r d e r  t o  g a i n  d e t a i l e d  knowledge 
so t h a t  success fu l  t e c h n i c a l  u t i l i z a t i o n  can be achieved. The a im o f  t h e  
p resen t  research  i s  t o  measure the  ET r a t e  f rom a g i v e n  m a n i f o l d  
a s s o c i a t e d  w i t h  t h e  chromium ( C r )  s e n s i t i z e r  atom t o  a g i v e n  m a n i f o l d  i n  
t h e  holmium (Ho) a c t i v a t o r  atom v i a  the  t h u l i u m  (Tm) t r a n s f e r  atom, i n  t h e  
Ho:Tm:Cr:YAG l a s e r  m a t e r i a l .  

The energy l e v e l  diagram f o r  t h i s  m a t e r i a l  i s  i l l u s t r a t e d  i n  F i g u r e  1. 
The s p e c i f i c  mechanism o f  t h e  process by which t h e  e x c i t a t i o n  energy is 
t r a n s f e r r e d  f rom s e n s i t i z e r  t o  a c t i v a t o r  i s  n o t  q u i t e  c l e a r  a t  t h e  p resen t  
t i m e .  However, t h e  f o l l o w i n g  p o s s i b i l i t i e s  may account f o r  what i s  
b e l i e v e d  t o  be occu r r i ng .  
photon by  t h e  chromium atom e x c i t e s  i t  t o  the  4T2 man i fo ld .  
f o l l o w e d  by r e l a x a t i o n  o f  the l a t t i c e  surrounding i t  r e s u l t i n g  i n  a phonon 
t r a n s i t i o n  t o  t h e  *E man i fo ld ,  from which some emission occurs. Secondly, 
some o f  t h e  a v a i l a b l e  e l e c t r o n i c  energy f rom t h e  4T2 m a n i f o l d  i s  
t r a n s f e r r e d  t o  t h e  4F4 + 5S2 m a n i f o l d  o f  t he  a c t i v a t o r ,  Ho, and t h e  3F3 
m a n i f o l d  o f  Tm r e s u l t i n g  i n  emission f r o m  these l e v e l s .  The t h i r d  
p o s s i b i l i t y  i s  t h a t  t h e  emission of a photon from t h e  s e n s i t i z e r  i s  
f o l l o w e d  b y  r e a b s o r p t i o n  by  the t r a n s f e r  i on ,  Tm, r e s u l t i n g  i n  i t s  
e x c i t a t i o n  t o  l o w e r - l y i n g  e x c i t e d  man i fo lds  f rom which emiss ion  and/or  
t r a n s f e r  can occur  t o  t h e  517 mani fo ld  o f  holmium. 
518 f o l l o w s .  The f o u r t h  p o s s i b i l i t y  i s  f o r  up-conversion t o  take  p l a c e  i n  
the  t r a n s f e r  i o n ;  f o r  example, f rom the  C r  4T2 l e v e l  t o  t h e  Tm 164 
man i fo ld .  T h i s  l e v e l  then emi ts  t o  t h e  3H5 man i fo ld .  Measurements o f  t h e  
l i f e t i m e s  o f  these m a n i f o l d s  w i l l  shed some l i g h t  on t h e  exac t  mechanism. 

F i r s t l y ,  abso rp t i on  o f  t h e  i n c i d e n t  532 nm 
T h i s  i s  

Emission f rom 517 t o  
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The measurement i s  performed as a f u n c t i o n  o f  t h e  upper and l o w e r  
man i fo lds ,  t he  c o n c e n t r a t i o n  o f  the a c t i v a t o r  and the  temperature. The 
p r o b a b i l i t y  o f  t r a n s f e r  i s  concent ra t ion ,  and t o  some e x t e n t ,  temperature 
dependent. T r a n s f e r  r a t e s  a r e  i n f e r r e d  by e x c i t i n g  t h e  s e n s i t i z e r  atom 
and measuring t h e  r a t e  o f  r i s e  o f  t he  f luorescence from t h e  a c t i v a t o r  
atom. Typ ica l  emiss ion  spec t ra ,  shown i n  F i g u r e  2 ,  were generated u s i n g  
an Nd:YAG l a s e r  as  t h e  pump source. The 532 nm o u t p u t  f rom t h i s  l a s e r  was 
impinged on t h e  doped c r y s t a l  s i t u a t e d  i n  a m o d i f i e d  v a r i a b l e  temperature 
dewar. The emiss ion  f rom t h e  m a t e r i a l  was d i spe rsed  through a 
monochromator, a t  r i g h t  ang les  t o  the  pump source, and de tec ted  u s i n g  a 
cooled p h o t o m u l t i p l i e r  tube (PMT).  The PMT s i g n a l  was processed by  a 
ga ted  i n t e g r a t o r  and boxcar averager, and f e d  t o  an IBM XT computer 
system. The r a t e  o f  r i s e  and decay o f  t he  f l uo rescence  s i g n a l ,  shown i n  
F igu re  3, was mon i to red  b y  scanning the ga te  o f  t h e  boxcar across t h e  
s igna l  f r o m  t h e  m a n i f o l d  t o  which the  monochromator was tuned. 

A l l  man i fo lds  t o  wh ich  t h e  e x c i t e d  m a n i f o l d  t r a n s f e r s  energy were  
monitored, i n  a d d i t i o n  t o  the ones t o  which i t  decays. By do ing  the 
l a t t e r ,  an independent check o f  the da ta  would be obtained. T h i s  
technique w i l l  be a p p l i e d  i n  the  energy t r a n s f e r  r a t e  e l u c i d a t i o n  o f  o t h e r  
component systems, such as  Ho:Er:YAG, Ho:Tm:YAG,and Tm:Er:YAG i n  t h e  near 
f u t u r e .  
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